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MeO
(2)
23 29
o id s .13 A gain , com pound 23 was dem ethylated to a novel
5-substituted uracil derivative 29 o f  potential biological 
interest [eqn. (2 )] .9 A lso , the alkylidene phthalides are 
precursors to other com pounds (indones, indandiones) of  
biological in terest.14
The mechanism of the reaction can be envisaged to proceed  
according Schem e l . 15 l6i
Thus, we have described the first successful palladium- 
catalysed reaction for the synthesis o f  phthalides from readily 
available starting materials. The m ethod is easy to carry out 
under relatively mild conditions, catalytic in palladium  
reagents, and does not involve any toxic reagents. The process 
is thus am enable to the synthesis o f  various phthalide-contain- 
ing naturally occurring substances and com pounds o f  b io­
logical interest.
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Redox Behaviour of Novel Copper(n) Crown Ether-Pyrazole Complexes
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3 Departments o f Organic and b Inorganic Chemistry, NSR Center, University o f  Nijmegen, Toernooiveld, 6525 ED 
Nijmegen, The Netherlands
A novel dinuclear copper(n) diazacrown ether complex reduces in solution to the copper(i) state; the related 
mononuclear copper(n) monoazacrown ether complex undergoes reduction, when K+-ions are added.
O ne of the most challenging them es in bioinorganic chemistry  
is the mimicking of the dinuclear copper sites in copper  
proteins such as haem ocyanin and dopam ine-ß-hydroxylase.1 
The former protein is responsible for dioxygen transport in 
arthropods and m olluscs,2 the latter enzym e is vital for the 
biosynthesis o f noradrenaline.3 The binding of dioxygen to
haem ocyanin occurs through the cooperative action of both 
copper ions present in the active centres4 and can be 
influenced by p H ,5 anions6 and cations.7 M odel systems  
mimicking this behaviour could provide insight into the 
mechanistic action o f  these b iom olecules.
In the literature only a few exam ples are known of dinuclear
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c o p p e r (n )  com plexes  tha t  reduce  to  the copp er( i )  s t a t e .8 W e 
p resen t  here  a novel d inuc lea r  c o p p e r (n )  crow n e t h e r -  
d im e thy lpy razo le  com plex  1 , which in m e th an o l  so lu tion  is 
reduced  to the co p p e r( i )  s ta te ,  even  in the p resence  o f  air. T h e  
re la ted  com plex  2 u n d e rg o es  a m uch s low er  reduc tion  u n d e r  
these  cond it ions .  This  p rocess ,  h ow ever ,  can be e n h a n c e d  and  
con tro l led  by the add i t ion  o f  alkali m eta l  ions.
T he  ligands from which 1 and  2 are  de r ived  w ere  sy n th e ­
sized by t rea t ing  a -b rom o-o : '-{b is [2 -(3 ,5 -d im ethy l- l -py r-  
azolyl)ethyl]amino}-/77-xylenet with the co r re sp o n d in g  diaza- 
and  aza-crow n e th e rs  in d im e th y l fo rm a m id e  (D M F ) .  T he  
yield a f te r  co lum n c h ro m a to g ra p h y  (silica 6ÜH. e luen t  
C H C l 3- M e O H - t r i e th y l a m in e ,  9 7 . 5 : 2 : 0 . 5 ,  v/v/v) for bo th  
ligands was ap p ro x im a te ly  5 5 % . T h e  ligands w ere  mixed with
2 equiv .  (for  1) and  1 equiv . (for  2 ) o f  C u ( C 1 0 4)2-6 H 20  in 
m e th an o l  to give the di- and  m o n o -n u c le a r  com plexes  1 and  2 
in 77 and  80% yield, re spec t ive ly .+ D u r in g  the synthesis  o f  2 a 
d a rk -g re e n  co lou r  d ev e lo p ed ,  typical for  this type o f  cop- 
p e r (u )  com plex .  T h e  h o m o g e n e o u s  so lu tion  o f  1, how ever ,  
deco lo r ized  rap id ly ,  indicating  the fo rm a tio n  o f  a copper( i )  
com plex .  P ro o f  tha t  1 indeed  had red u ced  to the co pper( i )  
s ta te  cam e from  e lec trochem ica l  e x p e r im en ts  on sam ples  o f  1 
and  2, o b ta in e d  from these  reac t ions .  A so lu tion  of  2 in 
ace ton itr i le  [0.1 mol d m - 3  ( B u n)4P F 6, P t-e lec trode]  show ed  a 
reversib le  wave with £ l/2 =  0.29 V (vs.  F c +/Fc, A E p = 0.12 V, 
/b//f =  1). T h e  equ i l ib r ium  po ten t ia l  ( £ cq) o f  the so lu tion  was 
0.50 V, p rov ing  tha t  2 ind eed  is a C u 11 com plex .  C om plex  1 
also show ed  a revers ib le  wave at ap p ro x im a te ly  the sam e 
po ten t ia l  ( £ 1/2 =  0.31 V, A E p =  0.18 V , /b//f =  1) as found  for
2. T h e  equ il ib r ium  po ten t ia l  o f  this so lu tion  was 0.15 V, 
clearly indicating tha t  1 was p re sen t  in the fo rm  of  a reduced  
com plex .  In view o f  the b ro a d  fo rw ard  ox ida t ion  peak  and  the 
p resence  o f  two c o p p e r  a to m s ,  it is c lear  tha t  I can be oxidized 
in two consecu tive  o ne -e lec tro n  s teps following an E E -reac -  
tion pa th .  T h e  half-wave po ten t ia ls  of  these  s teps  were  
ca lcu la ted  by the m e th o d  of  R ich a rd so n  and  T a u b e  and  
a m o u n te d  to E l/2 (1) = 0.29 V and  E {/2 (2) = 0.32 V.9
For  the reac tion  C u 11 +  C u " ,  2 C u u l  we can calculate  
from the A E l/2 (30 m V ) a c o m p ro p o r t io n a t io n  co n s tan t  K c =
4.§ This  value suggests tha t  the re  is hard ly  any in terac tion  
b e tw e en  the two c o p p e r  cen tres  in the e lec trochem ica l  
reduc t ion  o f  1. This  is not u n ex p e c ted  in view of  the large 
m e ta l -m e ta l  d is tance  [—18 À  from C o r e y -P a u l in g -K o l tu n  
(C P K )  models]  in the com plex .  T h e  chem ical reduc t ion  
reac t ion  follows a p a th w ay  d iffe ren t  from the e lec trochem ica l  
ox ida t io n /red u c t io n  o f  1. W e assum e tha t  in the fo rm e r  case a 
co o p e ra t iv e  action b e tw een  the two c o p p e r (n ) -c e n t re s  is 
necessary  to achieve the o b se rv ed  reduc t ion  o f  com plex  1 . 
This  is based  on o u r  obse rva t ion  tha t  fo rm a ld eh y d e  is 
p ro d u c e d  du r ing  the reac tion  (fuchsine test): a two e lec tron
t  This com pound was synthesized from 1 equiv. o f bis[2-(3,5- 
dimethyl- 1 -pyrazolyl)ethyl]amine and 3.5 equiv. of //i-cv.cv'-dibro- 
moxylene in te trahydro fu ran -benzene  (1 :1 ,  v/v). Yield 51% after 
column chrom atography (silica 60H. eluent 3% m ethanol in chloro­
form). R{ =  0.22. >H N M R  (CDCU) Ò 2.1 (s, 6 H. C /A ) ,  2.2 (s, 6 H, 
C/VO, 2.9 (t, 4H , N C /A C H .)  3.6 (s, 2H, A rC /A N ),  3.9 (t, 4H , 
N C H 2C/Y2), 4.5 (s, 2H, Â rC /Â B r) ,  6 . 8  (s, 2H, Pyrazole H), 7 .1-7.4  
(m, 4H, A r / / ) ;  Mass spectrom etry  (m/z) 364 (20% , M -  Br).
¿ Selected spectral data  for complex 1: U V -V IS  (M e C N -M e O H , 1 :1 ,  
v/v) Âd_d/nm (e) 695 ( 140); A =  253 (.(S cm - 1  ( 1 mmol d m - 3  in M eCN): 
FAB-MS: m/z (m-nitrobenzylalcohol) 1414 (M + -  C 104), 1314 (M ^
-  2 CIO 4 ); IR (Csl, v/cm- 1 ) 1552 (pyrazole), 1097, 624 (C 104); 
satisfactory element analyses was obtained. For complex 2: U V -V IS  
(M e C N -M e O H , 1 : 1. v/v) Xd_d/nm (e) 691 (80); A =  210 uS c m - 1  (I 
mmol d m - 3  in M eCN); FAB-MS: m/z (m-nitrobenzylalcohol) 645 
(M + -  2 C 104- ); IR (Csl. v / c n r 1) 1553 (pyrazole), 1097. 624 (CIO 4 ). 
No reproduceable  elemental analysis could be obtained  for oil 2.
§ A.'c =  exp[//|//-»F( AE\p)/RT\ =  exp[AEjp/25.69] at 298 K with U\ = 
/!•> = l.9
4 CI04-
1
2 \  2 CIO4-
(c)
ox ida t ion  o f  m e th an o l  requ ires  two c o p p e r(n )  ions as e lec tron
accep to rs .  This  reaction  p robab ly  takes  place in a [.t-alkoxo (or
u -hydroxo)  b r idged  com plex ,  as descr ibed  by N elson  and
D r e w .8" S u b se q u e n t  e lec tron  t ransfe r  and  l ibera t ion  o f  the
a ldeh yde  will yield the d in uc lea r  co p p e r( i )  com plex .
T h e  progress  of  the reduc t ion  o f  1 (2.5 m m ol d m - 3 ,
a c e to n i t r i le -m e th a n o l  1 : 1 ,  v/v) was followed by U V - V I S
spec troscopy ,  m easu r ing  the dec rease  o f  the d - d  ab so rp t io n
band  at 700 nm  as a function  o f  t ime and  te m p e ra tu re .  R a te
cons tan ts  and  equ i l ib r ium  cons tan ts  w ere  o b ta in ed  by s ta n ­
d i
dard  p ro ced u re s  assum ing  the equ i l ib r ium  O x Red.U
K_i
T h e  following p a ra m e te r s  w ere  o b ta in ed :  fo rw ard  reac tion  
AG* 333 k =  88 kJ m o l - 1 , A H *  =  48 kJ mol - 1, AS* =  - 1 2 0  J 
m o l -1  K -1 and  £ a =  50.6 kJ m o l - 1 ; A G ° = —4 kJ m o l - 1 , A H°  
= 17 kJ m o l -1 and  AS°  =  63 J m o l -1  K - 1 . T h e  negative  
en t ro p y  o f  activation po in ts  tow ards  a highly o rd e re d  t rans i­
tion s ta te ,  thus  su p p o r t in g  o u r  p ro p o se d  m echan ism . T h e  
overall  reac tion  is e n t ro p y  driven as can be seen  f rom  the
ÍI The rate constants and A'_j follow from the equilibrium constant 
K  =  k\/k-] and from k = A*j + & _i.13The latter A: is ob tained  by fitting 
absorbance (A) -  time (t) data points to the equation A, = [A J {K  +  
1)] x  [ 1  +  (K  x  exp (-k  x  ƒ)].
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Fig. 2 Reduction of complex 2 as a function of the concentration of K~ 
ions ( • ,  ordinate  on the left): I3C N M R  upfield shift displacement 
(Aô) for a ring C H : carbon atom of com pound 2 as a function of K~ 
ions (©. ordinate  on the right)
positive value o f  A 5°.  This  can be ra t iona lized  from the fact 
that  dur ing  the reduction  solvent m olecu les  su r ro u n d in g  the 
C u 11 cen tres  are l ibera ted .
15-Crown-5 is able to form  sandwich  com plexes  with a K "  
ion. It was, th e re fo re ,  tem p ting  to investigate  w h e th e r  this ion 
could induce the aggregation  of  2 [see Fig. 1(c)] and  influence 
the reduc t ion  of  the co p p e r(n )  cen tre .  T i t ra t ion  o f  the ZnC N  
derivative  of  2 with po tass ium  picrate  conf irm ed  the p re d o m i­
nant exis tence of  sandwich com plexes  at low K + : 2 ra tios  and 
1 :1  com plexes  at high ratios (see Fig. 2 ) . 10 W e indeed  
obse rved  that the addit ion  o f  po tass ium  picrate  increased  the 
reduc tion  rate  of  2 and  caused  a shift in the Ox R ed  
equil ib r ium  in the d irection  o f  the C u 1 species. A n  o p t im u m  
was found  for a K + to  2 ra tio  o f  0 .5 -1 .  T he  increase in Kcq = 
k \ /k - \  was fivefold (see Fig. 2).
Alkali m etal  ions are know n to contro l  the aggrega tion  of  
the subunits  of  haem ocyan in  to form  the active p r o t e in .11 W e 
th ink  that  com plexes  of type 2 and  the re la ted  pyrid ine
com plexes  m ay be used to mimic this process .  W o rk  a long  this 
line is in p ro g re s s .12
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Functionalized Thiophenes: Second-order Nonlinear Optical Materials
Alex K-V. Jen,* V. Pushkara Rao,* K. Y. Wong and Kevin J. Drost
EniChem America Inc., Research and Development Center, 2000 Cornwall Road, Monmouth Junction,
New Jersey 08852, USA
It is shown experimentally that the complete replacement of benzene rings with thiophene rings in a 
donor-acceptor substituted stilbene significantly enhances its second-order nonlinear optical hyperpolarizability 
(ß ) ;  results obtained with a series of thiophene-substituted donor-acceptor compounds with different 
conjugation lengths reveal a power law dependence of ß p  on the molecular conjugation length.
O rgan ic  m ater ia ls  with se co n d -o rd e r  non l inea r  optical (N L O )  
p roper t ie s  have been  the subject  of intense investigations 
owing to the ir  exceptionally  large non l inear i ty  and  ultrafast 
response  t im e s .1 T hese  m ater ia ls  have po ten tia l  applications 
in a reas  such as te lecom m u n ica t io ns ,  optical in fo rm ation  
processing  and  da ta  s to ra g e .2 M ajo r  research  efforts  have 
focused on deve lop ing  N L O  c h ro m o p h o re s  possessing large 
m olecu la r  non linear i ty  and good  therm al stability as well as 
im proved  solubility and  processabili ty .
It is well-known that  the se co n d -o rd e r  m olecu lar  non l inea r  
optical hyperpo lar izab il i ty  (ß) increases with increasing d o n o r  
and  accep to r  s t reng ths  and  with increasing  length o f  co n ju g a ­
t io n .3 M any  d o n o r - a c c e p to r  con juga ted  organic  m olecules  
r e p o r te d  in the l i te ra tu re  fall into the following categories:  
subs t i tu ted  benzenes ,  b iphenyls ,  s t i lbenes ,  a z o b en zen es  and 
Schiff bases .4-7 In all these classes, b en zen e  ring(s) with or  
w ithout  the JT-bridges have been  em p loy ed  as the con juga t ing  
m oie ties  to connect  d o n o r  and  accep to r  functional g roups.  
H o w e v e r ,  optical s tudies  on c o m p o u n d s  con ta in ing  m o re  than 
two b en zen o id  rings have been  limited. This  could  be 
a t t r ib u ted ,  in par t ,  to the difficulty in the synthesis  o f  ex ten d ed  
con juga ted  c o m p o u n d s  possessing m ore  than  two b enzeno id  
rings as they  are  practically  insoluble in most co m m o n  organic  
solvents.
